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California Agriculture

$43.5B in cash farm receiptsin [
2012 from 81,500 farms

Major domestic/international
supplier of specialty crops

« Half of US-grown fruits, nuts,
vegetables

 Diversity of crops

<" California State University
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Extraordinary Opportunity




Water Resource Management Challenges @

* Drought impacts

o« ~20% of full allocation from CVP
in 2013 for SJV farmers

* 0% allocation for 2014
« Competing demands

* Aging water conveyance
infrastructure

 Groundwater overdraft

« Water quality and impaired
water bodies

* Nitrate, salinity, selenium

Y California State University
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Quantifying Benefits of Using Weather
Information in Irrigation Management

Water, Yield and Total Benefits to Farmers from CIMIS
Crop Water Yield*++ Total Benefit/Hectare
$US + $US $US $US
Trees and Vines Sample
Almonds 246,000 2,426,500 2,672,500 408
Apples 900 13,900 14,800 366
Avocados -141,350 738,000 596,500 760
Grapes 100,850 1,336,500 1,437,3500 730
Pistachios 370,150 6,755,000 7,125,000 630
Plums 556 12,445 13,000 402
Vegetable Sample
Artichoke 2,500 326,200 328,700 160
Broccoli 2,750 106,100 108,850 730
Cauliflower 5,750 334,100 339,850 870
Celery 3,350 345,750 349,100 1700
Lettuce 26,000 1,361,000 1,387,000 920
Field Crop Sample
Alfalfa 47,790 325,700 373,500 100
Cotton 345,300 810,500 1,155,800 110

Source: http://www.cimis.water.ca.gov/cimis/resourceArticleOthersTechRole.jsp
*Money saved due to reduced water bill resulting from using CIMIS.

**Increased income from increased yield resulting from using CIMIS.

‘Negative number indicates increased water use with CIMIS.

Average reduction in total applied water: 13%

= H = . o
Average increase in yields: 8% Parker et al., 1996



Opportunity

Standard approach for incorporating
information on weather / crop stage b
Into irrigation management practices: (-

ETc = ETo * (Kcb + Ke) |

A
CIMIS Satellite

ETO View

California Irrigation Management
Information System (CIMIS)
 QOperated by CA DWR since 1982

« >140 stations currently providing daily
measurements of ETo

« Spatial CIMIS data now available for CA; 2km
statewide grid, daily

»
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e, K
identified by as hig _
priority need for CIMIS Spatial CIMIS ET,




Satellite Irrigation Management Support (SIMS): NA
Objectives

1) Develop near real-time estimates of crop water
requirements from satellite data to assist growers
In optimizing irrigation, and water managers in
iImproving estimates of agricultural water
requirements

2) Provide web and mobile data interfaces to
increase the ability of the agricultural community
to access and use satellite data in irrigation
management and crop monitoring

”"?’% California State University
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Satellite Data
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Landsat (TM / ETM+ / OLI) Terra / Aqua (MODIS)
30m / 0.25 acres 250m / 15.5 acre

Overpass every 8-16 days Daily overpass




Normalized Difference Vegetation Index

50%

|

NDVI = 0.72 NDVI = 0.14
NIR - Red
NDVI = NIR + Red

Commonly used remote s



® 00 TOPS Satellite Irrigation Management Support

1

TOPS Satellite Irrigation Manag... L-l- l

6) .- ecocast.org/dgw/sims (& ] ( ,-"v Google

Username:

TOPS Satellite Irrigation Management Support

Go to: | Search | About Help Select Date: 2011-07-07

SIMS Data Layers

BETcH
20110707

B Crop coetficient (Kcb)
2011-07-04 to 2011-07-11

4 Veg. Index (NDVI) gapfilled
2011-07-04 to 2011-07-11

@ Veg. Index (NDVI)
2011-07-04 to 2011-07-11

Base Layer

B nnnie Catallize

Normalized Difference
Vegetation Index
(NDVI); 8-day
composite from Landsat
and MODIS

(I
0.0 0.2 0.5 0.8 1.0

NDVI 35.39402 N, -119.85320 W

Disclaimer: This data is for research and evaluation purposes only.
NASA Official: Ramakrishna R.Nemani Curator: Forrest Melton Privacy Statement



Approach: Mapping Crop Coefficients and Indicators
of Crop Water Requirements from Satellite Data

NDVI vs. Fc
100% — +other USDA studies provide basis
S " Bellpepper for linking satellite
5 o et vegetation indices (NDVI) to
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(2009) and others provide basis for +oils
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0 0.2 0.4 0.6 0.8 1
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7@ California State University Also see Bryla et al., 2010; Grattan et al., 1998;
(@ MONTEREY BAY Hanson & May, 2006; Lopez-Urrea et al., 2009

Extraordinary Opportunity



Satellite Irrigation Management Support (SIMS) Framework

1. Integration of satellite and
surface measurements

2. Prototyping accelerated by
NASA high end computing
resources

3. Integration with irrigation
management tools
(CropManage, VSIM)

4. Freely available data

5. QOutreach and education through
partnerships with Western
Growers and agricultural
extension services

Y California State University

C@ MONTEREY BAY

ordinary Opportunity

Satellite
(Landsat ¥
& MODIS)

CIMIS

Site info.

Processing
Steps

At sensor
radiance

LEDAPS
Surface reflect.
NDVI

Fractional cover
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Kcb * ETo
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VETcb

Web browser

Melton et al.,

NASA
Earth
Exchange

Mobile

2012, IEEE JSTARS




Satellite Irrigation Management Support (SIMS) Framework

Username:

TOPS Satellite Irrigation Management Support

Search Select Date: 2011-07-07

SIMS Data Layers
UETch
20110707
@ Crop coefficient (Kcb)
2011-07-04 to 2011-07-11
@ Fractional Cover (FC)
201207-27 to 2012-08-03
8 Veg. Index (NDVI) gapfilled
2011-07-04 to 2011-07-11
@ Veg. Index (NDVI)
20110704 to 2011-07-11
Base Layer
OGoogle Satellite
.Google Terrain
.Googla Streets




Satellite Irrigation Management Support (SIMS) Framework

@ TOPS Satellite Irrigation Management Support

Go to: huron, ca | Search |
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8 SIMS Data Layers

UETch
20120727

@ Crop coetficient (Kcb)
20120727 to 2012-08-03

@ Fractional Cover (FC)
2012-07-27 to 2012-08-03

8 Veg. Index (NDVI) gapfilled
20120727 to 2012-08-03

8 Veg. Index (NDVI)
2012-07-27 to 2012-08-03

Base Layer
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Satellite Irrigation Management Support

View Field Reports

Browse map

Log out

Mobile-based interfaces important for enhancing access to data



Verification and Validation: Sensor Networks




Crop Type
Grain
Grain
Row
Row
Row
Row
Row
Row
Vine
Vine
Vine
Tree
Tree
Tree

Crop

Corn*

Wheat
Garlic
Lettuce*
Broccoli*
Cauliflower
Tomato(2)*
Cotton (drip)*
Melon

Wine grapes*

Raisins*
Peach*

Almond*
Orange*®

Location

CSU Fresno

San Joaquin Valley
San Joaquin Valley
SJ & Salinas Valley
Salinas Valley

San Joaquin Valley
San Joaquin Valley
San Joaquin Valley
San Joaquin Valley
Salinas Valley

San Joaquin Valley
San Joaquin Valley
San Joaquin Valley
San Joaquin Valley

*Surface renewal instrumentation.

Chris Lund, Kirk Post NASA ARC
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Verification and Validation: Results

SIMS ETcb vs Sensor Network ETa ® tomato1-11

(Unstressed crops) tomato2-11

1400 .
. # melon-11
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o
o
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" peach-11

800 P
e tomato2-12

600 el peach-12

lettuce
romaine-12

MAE = 13.7% (51 mm) “*mon®
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Comparison of seasonal ET totals from SIMS and the sensor
network for sites instrumented in 2011 and 2012, excluding
intentionally stressed crops (wine grapes, raisins, and cotton).




Verification and Validation: Results

SIMS + SWM (Kcb, Ks, Ke) vs. Sensor Network ETa 4 raisin-11

1400 = @® tomatol-11
- tomato2-11
L7 ™ cotton-11
1200 ® ® almond-11
e @ melon-11
’g 1000 : A wine-11
E ) ¢ wheat-11
z 800 /," garlic-11
|2 ) lettuce-11
';'; 600 ,9’ < corn-11
2 /,i ¥ peach-11
7,) 400 ’A' tomato2-12
P MAE = 9.1% (57 mm)  "pescha:
200 s @ MBE = 4.9% (39 mm) FT'S'“'ZZH
L almond-
, R? = 0.97 wine-12
0 ®/ orange-12
0 200 400 600 800 1000 1200 1400

cotton-12

Sensor Network SWB / ETa (mm)

lettuce romaine-12

Comparison of seasonal ET totals from SIMS and the sensor network
for sites instrumented in 2011 and 2012. Ke and Ks coefficient via a
soil water balance model based on FAO-56 (Allen et al., 1998).



Yield Trials

Lettuce & Broccoli
USDA ARS, Spence Road, Salinas

poct || 2 ]l= | & |l =11= [| 2 - Treatments:
N . Standard practice
- S I M S 1DAY éDFl -LET MAY.03,12 04:00PM
A (P P | | s [ CropManage
7 | i

D i | ) £ E ||:€ C | unbedded

9 10 11 1;2 13 14 15
: 213’ )

- 3 tmts, 5 reps, block randomized design
- Total area: ~1.4ac (0.57 ha)
- Two years of data: 2012 & 2013

Pl: Lee Johnson; Co-l: Michael Cahn
Collaboration with UCCE, USDA ARS,
Fresh Express, Tanimura & Antle




Yield Trials: Results to Date

 Results to date confirm savings in Bl Standard practice
applied water of 22-33% without 0 SIMS
reductions in yield or quality Bl CropManage
Irrigation, Lettuce 5_ Yield, Lettuce
E18 ______ ]_%: w30 g
26 Q §1o
: <° ) | E
° Std. SIMS CM Std. SIMS CM
Treatment Treatment
Irrigation, Broccoli Yield. Broccoli
25 5 J 5
Wl }£ - :
5 D g 6 )
2 ’ Std. SIMS ™M

Treatment
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Examples of Efficient On-Farm Water Use

Irrigation vs Evapotranspiration, 2013
Pinot Noir, Galt, CA

7-Apr-13

21-Apr-13

5-May-13

19-May-13

2-Jun-13

16-Jun-13

30-Jun-13

14-Jul-13

28-Jul-13

11-Aug-13

25-Aug-13

8-Sep-13

22-Sep-13
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20-Oct-13

3-Nov-13

17-Nov-13

1-Dec-13

15-Dec-13

29-Dec-13

12-Jan-14

26-lan-14

==FETa (Soil Water Balance)
——ETc adj (SIMS/FAO-56)
——ETcb (SIMS, Kcb)

==|rrig. + Precip.




- vT0Z/VT/T
- €TOT/TE/TT
- €T07/LT/TT
L €T0Z/€/TT
- €T02/6T/TT
- €T0Z/S/TT
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L €T0Z/81/9
- €T0T/Y/9

L €T02/12/S
- €T02/L/S

- €T0Z/€C/Y
L €102/6/v
- €102/97/€
L €T0Z/TT/€
€102/97/T

- €102/T1/¢

_ €102/67/1
€T0T/ST/T
€T07/T/T

CA

Peaches, Kingsburg,

56)

Irrigation vs Evapotranspiration, 2013

== |rrig. + Precip.
e ETch ' (SIMS)
= ETc adj (SIMS/FAO

——=USDA ET EC

Examples of Efficient On-Farm Water Use
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